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Micron-wide lines of high Tc Y-Ba-Cu-O have been successfully patterned by ablating the 
films with a pulsed excimer laser, The high Tc films are mounted onto a computer-controlled 
stepping stage and irradiated with a demagnified image of a variable-size rectangular aperture, 
This technique has been used for fabricating features ranging from several centimeters in 
length to submicron in width without any degradation in Tc. For example, a superconducting 
microstructure ofY-Ba-Cu-O, nominally Ipm v.ride and 2.5!-lm long, with aTe (R = 0) of 88 
K and a Ji of 5 X 104 A/cm2 at 4.2 K was fabricated. 
High-resolution patterning of high Tc films is required 
for two reasons. First, such a technique is of crucial impor-
tance for the fabrication of high Tc devices such as supercon-
ducting quantum interference devices (SQUID's) I and 
transmission lines.2 Second, it offers direct experimental ac-
cess to superconducting phenomena occurring on the mi-
cron scale. For instance, a patterning technique that is capa-
ble of structuring poly crystalline films with a resolution on 
the order of the crystal size will anow direct measurements 
of the superconducting properties of crystals for any crystal 
orientation. Furthermore, such a technique provides access 
to study the effects of a single grain boundary separating 
single crystals. A variety of patterning techniques such as 
lift-off processes, chemical etching, ion milling, ion implan-
tation, and laser ablation has been used to pattern high Tc 
films. 3---6 Recent work5•6 indicates that laser ablation is an 
excellent technique for patterning high Tc films and that it 
has a number of advantages over other techniques. It is a 
dean, dry process that requires no organic solvents. In addi-
tion, it is quick, extremely flexible, and now offers the best 
spatial resolution without degradation in Tc. Previous work 
on laser patterning of high r:, material has been done by 
using contact masks for pattern definition. In this letter we 
describe an optical patterning system that projects a demag-
nified image of an aperture onto the sample, This system 
allows us to increase the spatial resolution oflaser ablation of 
high Tc films by more than an order of magnitude and to 
customize structures of high Tc films of micron size for the 
first time. 
The films used in this work were deposited at room tem-
perature by dc-magnetron sputtering of two alloy targets 
(BaCu and Yeu) on LiNb01 (Ref. 7) substrates mounted 
on a rotating substrate holder. The sputtering was done in an 
AT/O] atmosphere of 10 microns with an oxygen partial 
pressure of 0.2 microns with oxygen sprayed directly onto 
the film. To passivate the films against reaction with mois-
ture, an in situ anneal at 400°C was performed in 200 mbar 
of Oz. After removal from the chamber, a second anneal at 
900 °C formed the high 1~ phase. This sputtering technique, 
described in more detail elsewhere," yields reproducible 
films with aTe (R = 0) of 88 K and higher. 
To define the patterns, an excimer laser microfabrica-
tion apparatus has been used. This apparatus is shown sche-
maticaHy in Fig. 1. A pulsed excimer laser with a wavelength 
of 193 nm and It pulse duration of 17 ns illuminates an adjus-
table rectangular aperture, This aperture is projected with a 
reduction factor of 32 onto the sample. The sample is mount-
ed onto a stage that can be moved by computer-controlled 
stepper motors. Typically, ten pulses of UV light with a 
ftuence of approximately 2 J/cm2 per pulse at a repetition 
rate of 5 Hz were used to ablate high Tc films I /-lm thick in a 
region defined by the aperture image. The dimensions of the 
aperture image could be changed from 2 to 100 pm. Remo-
val of the high 1:' material was monitored on video. More 
complicated patterns such as lines or SQUID's have been 
ablated by stepping the sample typically 1-5 pm at a time. 
Resistance of ablated regions on control patterns typically 
exceeded 10 Mil/D. 
During laser patterning, ablated material is redeposited 
onto the nearby film. If desired, this material can be removed 
hy covering the film with photoresist (e.g., Shipley AZ 1350 
B) prior to laser ablation. Any redeposited material can be 
removed by dissolving the resist in ethanoL No adverse efrect 
of this procedure on the superconducting properties of our 
films has been observed. However, it should be noted that 
this procedure is not required in general and has been per-
formed up to now only to improve the quality of scanning 
electron microscope (SEM) pictures. 
Figure 2 shows a SEM micrograph of a cross section 
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FIG. 1. Excimer laser microfabrication apparatus. All excimcr laser ilhuni-
nates an adjustable aperture, which is projected with a reduction factor of 32 
Ollto the sample. The sample table call be moved by computer-controlled 
stepper motors. 
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FIG. 2. SEM mi"rograph of a cross section through a 2-rnm-Iong line pat-
terned into a L l-,um-thick Y-Ba-Cu-O film on LiNbO, substrate. The high 
Tc film c,~n be idcntified as the lightly colored region showing slight texture. 
terned into a U-pm-thick Y-Ba-Cu-O film on a LiNbO, 
substrate. The cross section has been cut at an arbitrarily 
chosen position. An asymmetry in the profile between the 
left and the right sides of the line is observed. This is attribut-
ed to a spatial inhomogeneity of the power density in the 
laser beam. For this particular film, a melted region appar-
ently 0.3 /-lm thick is observed on the right side. 
Figure 3 shows a top view of another line patterned into 
the same film discussed above. On the left and right sides, 
two contact pads can be seen which are connected by a 
bridge that is defined by two laser ablated lines. These lines 
have been ablated with approximately twice the power den-
sity that has been used to ablate the lines shown in Fig. 2. 
Therefore, a more pronounced melting effect can be ob-
served at the edges of the bridge. The size of these melted 
FIG. 3. Top view of a l-,um-widcline patterned into a Ll-,um-thick Y-Ba-
Cu-O film on a LiNb03 substrate. The two dark areas that extend from the 
top and bottom into the micrograph are laser ablated lines. These lines are 
surrounded by a bright area, which is the melted substrate. The supercoll-
duelillg line is nearly of the same size as the Y -Ba-Cu-O crystals, forming 
the fanlike structure on the left. 
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regions is estimated to be 0.5 pm; hence the width of the 
intact high Tc material is about 1 pm. The resistance versus 
temperature of this line is shown in Fig. 4(a). No differences 
between this curve and the R (T) of the unpatterned film 
[Fig. 4 (b) ] could be found, indicating thatthere is no degra-
dation in Tc due to laser ablation. The absence of any reduc-
tion in Tc is consistent with the fact that the coherence 
length ofY-Ba-Cu-O ("",2 nm)8,9 is small compared to the 
width of the line. The critical current density of this line was 
measured to be 5 X 104 A/cm2 at 4.2 K and 2500 A/cm2 at 
77 K. These current densities are about an order of magn-
tiude larger than the critical current densities of a 50-lim-
wide and 350-Ji-m-long line patterned into the same film. 
This is attributed to the fact that, because the narrow line is 
neariy the size of single crystals, fewer grain boundaries, 
which may reduce the critical current density, are present 
A comparison of the crystal size with the iil1ewidth of 
Fig. 3 indicates that laser patterning should make it possible 
to examine the behavior of high Tc lines consisting of a small 
number of single crystals and grain boundaries. This sug-
gests the study of the superconducting properties including 
the anisotropy of single crystals in high T" films, The study 
of grain boundaries in such films is particularly important 
for the fabrication of tunnel junctions that use grain bondar-
ies as a tunnel barrier. Grain boundary tunnel junctions 
might circumvent the problems associated with the fabrica-
tion of all high Tc tunnel junctions such as the required high-
temperature anneal of the top electrode. With such tunnel 
junctions, one can explore the mechanism giving rise to 
high-temperature superconductivity. Furthennore, we note 
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FIG. 4. (a) Resistance vs temperature of the lille shown in Fig. 3. (b) Resis-
tance vs temperature of the same l1Im before patterning. The resistallce has 
been mcasured by using a linear four-point probe. 
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that laser patterning can be applied to investigate local inho-
mogeneities in multi phased high Tc films. 
The ultimate line width that can be achieved by laser 
ablation might be limited by the amount ofthe melted mate-
rial bordering the ablated zones.6 In this work no systematic 
study has been made to minimize the amount of melting. 
However, judging from SEM micrographs of line cross sec-
tions, we believe the ultimate resolution of this laser ablation 
technique to be a few tenths of a micron. This resolution may 
be achieved by optimizing the laser system parameters (low-
er fiuenees), with the use of thinner films and minimization 
of ablation into the substrates. 
In summary, we have demonstrated a laser ablation 
technique for patterning high Tc films which uses a project-
ed aperture for pattern definition instead of contact masks 
used in previous work. This enabled us to increase the spatial 
resolution ofIaser ablation of high Tc films by more than an 
order of magnitude and to fabricate for the first time a nomi-
nally i-pm-wide line. No degradation of the high Tc films 
due to the laser ablation has been found. 
1273 AppL Phys. Lett., Vol. 52, No. 15, 11 April i 988 
The authors wish to thank J. Berosh for technical assis-
tance, R. Allen for target fabrication, and M. M. Plechaty 
for chemical analysis. 
'R. H. Koch, C. P. Umbach, G. !. Clark, P. Chaudhari. and R. B. 
Laibowitz. AppL Phys. Lett. 51. 200 ( 1987). 
"R. A. Buhrman (private communication). 
'P. M. Mankiewich. J. H. Scofield, W. J. Skocpol, R. E. Howard, A. H. 
Dayem. and E. Good, Appl. Phys. Lett. 51,1753 (1987). 
4G. J. Clark, A. D. Marwick, R. H. Koch, and R. B. Laibowitz, App!. Phys. 
Lett. 51, 139 (1987). 
'A. Inam, X. D. Wu, T. Venkatesan, S. B. Ogale, C. C. Chang, and D, Dijk-
kamp, AppL Phys. Lett. 51, 1112 (1987). 
OM. Scheuermann, C. C. Chi, C. C. Tsuei, D. S. Vee, J. J. Cuomo, R. B. 
Laibowitz, R. H. Koch, B. Bmrel1, R. Srinivasan, and M. Plechaty, AppL 
Phys. Lett. 51, 1951 (1987), 
7M. Scheuermann, S. Park, 1. Mannhart, C. C. Tsuci, and C. C. Chi (unpub-
lished), 
"Po P. Freitas, C. C. Tsud. and T. S. Plaskett, Phys. Rev. B 35,833 (1987). 
QS. W. Tozer, A. W. Kleinsasser, T. Penney. D. Kaiser, and F. Holtzberg, 
Phys. Rev. Lett. 59,1768 (1987). 
Mannhart et ai. 1273 
Downloaded 16 Dec 2010 to 140.114.136.25. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions
